Compared to other medical clinics, dental centers produce a relatively small amount of healthcare waste. However, they are responsible for the production of certain amounts of waste that can cause serious health and environmental hazards if not treated properly. Determining the quantity and quality of dental waste is quite necessary to plan the machinery, personnel, and transportation methods. In the current analytical cross-sectional study, 22 dental clinics were randomly selected from among 145 dental centers in Yazd. For each clinic, three samples were manually collected and distributed at the end of the work day once a week (the day was randomly chosen). The components were classified into four groups based on their characteristics and potential risk. Afterward, the collected data were analyzed using Excel. The mean per capita daily waste generation in the Yazd dental clinics was 80.179 g for each patient. In general, the Yazd dental clinics generate approximately 4 tons of waste every year. Out of this amount, infectious waste, domestic waste, chemical-pharmaceutical waste, and sharp waste account for 49.30%, 33.33%, 13.7%, and 4.2%, respectively. The results of the current study and the small amount of waste generated in Yazd suggest that a special safe site should be constructed for infectious, sharp, and keen waste; private companies should collect such waste and transfer it to this site after the waste is disinfected; and the waste should then be transferred to a municipal waste hygienic disposal site. In regard to chemical waste that may contain hazardous materials, like mercury, no suggestions other than safe burial are made.
Introduction
Due to growth and development in treatment methods, health and medical waste now exists in many different varieties. However, today's waste materials are not commensurate with those of 5 to 10 years ago; therefore, attaining guidelines for managing waste materials produced by health and medical units is necessary to ensure occupational safety, public health, and environment survival (1). Iran's hospital waste management regulations classify medical waste into four groups: a, domestic waste; b, infectious and potentially infectious waste; c, pointed and sharp waste; and d, chemical and pharmaceutical waste (2) .
According to the study conducted by Kizlary, dental solid waste is classified into three main groups: a, infectious materials; b, noninfectious materials; and c, domestic materials. This classification is utilized due to its simplicity; however, it is not clear to most medical and health communities. Sharp and pointed materials are labeled as infectious waste that need better management because they might cause damage and disease transfer (3) . Among the waste produced in this sector, the significance of infectious waste material management is an issue that has received special attention in recent years from environmental engineers and healthcare practitioners (4) .
In comparison to other medical centers, dental clinics generate relatively less healthcare waste; however, they are responsible for generating a certain amount of waste that can cause serious health and environmental hazards if it is not handled properly (5) . Determining the quantity and quality of dental waste is quite necessary for the management of machinery, personnel, and transportation methods. Due to the heterogeneity of dental waste, specifying its components is not easy; therefore, its conduction involves certain problems and challenges. However, provided that there are necessary facilities and careful planning studies are conducted, invaluable results can be obtained for the proper management of such waste (6) .
Dental waste includes any type of waste materials that are generated in dental operations and stained with blood or other biological components (7) . Dental clinics produce higher amounts of waste compared to other healthcare sectors; however, there has been an increase in these Copyright © 2016, Hamadan University of Medical Sciences. This is an open-access article distributed under the terms of the Creative Commons Attribution-NonCommercial 4.0 International License (http://creativecommons.org/licenses/by-nc/4.0/) which permits copy and redistribute the material just in noncommercial usages, provided the original work is properly cited. amounts in recent decades, which is attributed to an increase in the use of plastics and masks, 90% of which are considered solid waste (8) . Waste composition varies from one center to another; it is also different in terms of performance, although gloves and paper form 35% of the waste. Overall, the quantity of waste at each clinic depends on the number of patients, as well as on the treatment methods (7) .
Since separating or classifying waste reveals its components, it can be considered as the first important step in waste management. In this regard, the method of selecting sample waste from different regions, the sampling method, the distribution method, and determining the percentage of the ingredients of the waste used as the real sample are highly significant (9) .
The main objective of this project was to determine the quality and quantity of the various types of dental waste in both general and specialized dental clinics through sampling, physical analysis, and weighing the separated waste generated in the dental offices in Yazd in 2013, as well as performing a statistical analysis of the waste and examining how to manage it.
Materials and Methods
This was a cross-sectional study with an analytical approach, conducted to determine the quantity and quality of dental waste in the governmental dental centers in Yazd. First, a list of dental centers in Yazd (both private and governmental) was retrieved from the medical deputy. Cluster sampling was carried out in which a total of 22 centers were selected for the survey: 20 offices out of 141 general practitioner and specialist offices and 2 out of 4 public and private clinics. Sampling in each cluster was done using simple random sampling with the help of a random number tabulation. The waste produced by these clinics was investigated once a week (the day was also selected randomly) over two months.
According to the abovementioned method, the total number of subjects was 164 units, out of which 160 were general and specialized doctors and 4 were clinics. Samples were retrieved at the end of the work day. This study was conducted from April 2013 until July 2013. Before the samples were collected, the study was explained to the dentists and their receptionists. The samples retrieved at the end of each work day from each clinic were physically analyzed (weighed with a scale) after being transferred to a proper place.
After each sampling phase, the amount of generated waste was examined both quantitatively and qualitatively. The procedure was as follows: first, the sample was manually separated into its components, which were then weighed with a laboratory scale with a precision of hundredths and up to 2 digits after the decimal according to grams. To provide a high level of safety during transportation, manual separation, and weighing, suitable gloves and masks were utilized. Each component was weighed three times, and then the mean was calculated. The calculated illustration indicated the production rate of the different waste components of each clinic at the end of the work day. Moreover, the number of patients referred to each clinic was specified to determine the total generated waste per capita for each patient. In the next phase, calculating the average waste production of each clinic, the average daily waste generation of the different components of each clinic was determined. To specify the annual waste generation in the studied dental clinics, it was necessary to know the average annual working hours of each clinic, which was accomplished by asking the dentists. It was reported that almost all the clinics did not work on holidays; therefore, referring to the calendar of the year 2012 -2013, the working hours were 292 days. By multiplying the average daily generation of the different waste components by the abovementioned figure, the amount of the annual generation of the different waste components was calculated in the 22 participating dental clinics. Afterward, it was time to generalize the calculated values to the whole population (Yazd). By dividing the total number of the dental clinics in the city (145 clinics) by the number of the sample clinics (22 clinics), the coefficient was determined; the corresponding coefficient was 6.6 for the dentistry offices. By multiplying this coefficient by the amount of the annual production of the different waste components in the dental clinics, the total amount of annual production in all the dental clinics in Yazd was calculated. Afterward, to calculate the percentage of each component using Excel, the waste was categorized into four groups: domestic waste, chemical and pharmaceutical waste, potentially infectious waste, and pointed and sharp waste. It is worth noting that according to the objective of the study, there was no need to conduct any specific statistical tests; calculating the percentages only was enough.
The classification used here was based on the importance of the environment and the risk-causing potential of waste, as well as the classification proposed by WHO and the related studies that have been conducted so far (10).
Results and Discussion
Based on the study's calculations, the per capita waste generation of each patient in the dental clinics of Yazd was 80.179 g per day, and the total annual waste generation was 3837.302 kg. The highest amount of waste production was related to infectious waste with an amount of 1891.674 kg The average per capita waste generation in the Yazd dental clinics was 80.179 g per day for each patient. In general, an annual amount of 4 tons of waste is produced in the Yazd dental clinics. Out of this amount, the highest rate belongs to infectious waste with 1891.674 kg (49.30%). The second highest rate belongs to domestic type or normal waste with 1279.04 kg (33.33%), followed by chemicalpharmaceutical waste with 505.349 kg (13.17%), and pointed and sharp waste with 161.273 kg (4.2%).
In a study conducted by Nabizadeh et al., the total amount of waste from the general dental clinics in Hamadan was 14662.67 kg. The highest amount of waste production was related to potentially infectious waste with an amount of 7614.13 kg (51.93%), followed by domestic waste with an amount of 5595.83 (38.16%). The annual amount of generated chemical and pharmaceutical waste was 1388.45 kg (9.47%) and the lowest amount was related to toxic waste with an amount of 64.26 kg per year (0.44%). The study concluded that the average per capita waste produced in the general medical clinics of Hamadan was 48.72 kg per day (11).
Ghanbarian et al. (2011) studied 25 dental clinics in Shahroud. They reported that the total amount of waste produced in the dental clinics was 2425.48 kg per year. The amounts of infectious, domestic, chemical and pharmaceutical, and toxic waste were 46%, 43.8%, 9.2%, and 1%, respectively (12).
Jonidi Jafari et al. (2007) conducted a study entitled: The quantitative and qualitative investigation into dental wastes in Hamadan. They indicated that the total annual waste from the specialized dental clinics was 2685.42 kg. The domestic type potentially infectious, chemical, pharmaceutical, and toxic waste percentages were 48.45%, 43.85%, 7.33%, and 0.37%, respectively (13) .
A study entitled The Generated Dental Wastes in Shiraz was conducted by Ghanbarian et al. The results of their study indicated that the total generated waste was 62661.60 kg per year. The domestic type potentially infectious, chemical, pharmaceutical, and toxic waste percentages were 55%, 33%, 11%, and 1%, respectively (14) .
A similar study was conducted in Greece by Kizlary et al. In this study, sampling was done during two months, and the samples were divided into three major categories: a, infectious and potentially infectious waste; b; noninfectious toxic waste; and c, solid household waste. The three categories of waste formed 74%, 26%, and 0.5% of all the solid waste of the dental laboratories, respectively (3).
In another study conducted by Vieira et al. (2009) in Brazil, it was indicated that 24.3% of the dental waste was infectious and potentially infectious materials, 48.1% was noninfectious, and 27.6% was domestic (7) .
By taking a look at the illustration presented in Figure 1 and the tabulations and comparing them with the amounts generated in different parts of the world, one can understand that the results of the present study are in line with those of other studies; therefore, it can be concluded that according to the similarity between the type and amount of the generated waste in the Yazd dental centers and other parts of the world, the management patterns of other countries can be utilized in Yazd to optimally manage the dental waste or at least to create a proper scientific approach in Yazd. However, it should be noted that the amount and composition of dental waste is different from one clinic to another and at different times (13) .
According to the abovementioned points on the optimal management of dental waste, it should be stated that one cannot rely on just one principle; there should be proper planning and a pattern based on other successful Avicenna J Environ Health Eng. 2015; 2(2):e4788.
3 management systems (13) . With regard to the types of materials and different components with various characteristics in dental waste, the proper management of such waste should be performed according to its special features. Unfortunately, given the observations and studies, it was determined that no specific action is being done by the municipality and other relevant organizations in Yazd regarding the comprehensive management of dental waste. Based on the observations made, it was found that no major activity for the reduction, separation, and recycling of waste is done in dental offices.
In general, the most important measure that can be taken for the proper management of dental waste is to prevent the combination of the different parts of these waste materials and to separate them based on their risk-causing potential. Therefore, dentists need to be trained on the reduction of waste generation, recycling, and separating waste materials according to their characteristics. Moreover, guidelines need to be proposed by the relevant organizations (6) .
Because Iran's hospital waste management regulations (2) emphasize disinfecting the waste generated by health and medical centers, Yazd must adopt a specific plan to manage infectious, pointed, and sharp waste in dental clinics. Since there is a small amount of dental waste in Yazd, it is recommended that a special safe site should be constructed for infectious, sharp, and keen waste, and private companies should collect such waste and transfer it to this site, where the waste will be disinfected and transferred to a municipal waste hygienic disposal site. In regard to chemical waste that may contain hazardous materials, like mercury, no suggestions other than safe burial are made. However, it is necessary to figure out effective approaches to deal with the hazardous waste produced in health and medical clinics. A special burial site and the observance of the proper principles of safe burial or the construction of a standard place to burn the waste can also be an appropriate approach.
Conclusion
Finally, in regard to the optimal management of the waste produced in health and medical centers, it is suggested that not only should the waste producers be trained to perform methods to reduce the amount of waste materials, separate them, or recycle them inside their centers, but they should also be trained in how to collect and transfer each component of the waste (domestic, potentially infectious, chemical-pharmaceutical, toxic, and pointed and sharp) in accordance with available guidelines.
